ABSTRACT
INTRODUCTION
As a modern world, the increase of industrial activities has intensified environmental pollution problems and the deterioration of several ecosystems with the accumulation of pollutants, especially heavy metals. Effluents containing heavy metals are discharged from various industrial processes. According to World Health Organization (WHO) the metals of the most immediate concern are copper, cadmium, nickel, mercury, lead, chromium, manganese, zinc and aluminium. All toxic metal ions (Nickel, copper and cadmium) have received a great deal of attention. These metals may be found in wastewater discharges from the plating industry, the manufacture of cadmium-nickel batteries, fertilizers, pesticides, lead mining, pigments dyes and textile operations (Salim et al., 1992; Grayson and Othumer, 1978) . The major ill-effects caused by metal ions are erythrocyte destruction, dermatitis, inhibition of enzyme activity, head ache, Wilkinson disease, dizziness, nausea and vomiting, chest pain, tightness of chest, dry cough, shortness of breath, rapid respiration, nephritis, cyanosis and extreme weakness. The use of activated carbon for the removal of the toxic metal ionic pollutants present in low concentration in aqueous solution is of considerable importance. Activated Carbon (AC) adsorption is being widely used in effluent treatment. Because of high cost of commercial AC (CAC) and difficulty in its procurement low-cost adsorbents alternative to CAC are to be developed from abundant agricultural wastes (Annadurai and Krishnan, 1996) . This has necessitated the titled investigation to find out the suitability of Hevea brasiliensis bark carbon for the removal of toxic metal ions (Ni   2+   , Cu  2+ and Cd   2+ ). The objectives of this study is to indigenously prepare AC (IPAC) from Hevea brasiliensis bark to study the effect of various process parameters on the extent of removal of these toxic metal ions and to model the adsorption data with various isotherms, first order kinetic equations and intra-particle diffusion model.
MATERIAL AND METHOD Materials
Hevea brasiliensis bark was carbonized with sodium bicarbonate at 300-400°C and kept at 600°C in a muffle furnace (Neolab, India) to get carbon. The carbon was sieved (90, 125, 150, 180, 210, 250 micron), activated by acid digestion (4 N HNO 3 ; 2hr at 80°C) and dried in an air -oven (at 120°C for 2hr). Batch type adsorption studies were carried out (Kadirvelu and Namasivayam, 2003) under various experimental conditions. Nickel ammonium sulphate (AR), Cupric sulphate (AR) and Cadmium nitrate (AR) were suitably diluted individually with deionised water and estimated by sodium salt of ethylenediaminetetraacetic acid (EDTA) using murexide, Fast Sulphon Black-F and xylenol orange. Adsorption experiments were carried out at room temperature (30±1 °C) under batch mode (Kannan, 1991 ) ions concentration were estimated complexometric titration as per the literature methods (Jeffery et al., 1991) . Effect of various process parameters on the extent of removal of toxic metal ions was studied. The data were analysed statistically and interpreted.
Adsorption experiments
Adsorption experiments were carried out at room temperature (30+1 °C) under batch mode. Stock solution of metal salts (AR) were prepared suitably diluted with DD water and estimated by EDTA method using (Jeffery et al., 1991) ). The initial pH was adjusted to the required pH value (range: 2-10) by adding either 1 M HCl or 1 M NaOH solution. After equilibration, the final concentrations (C e ) were also estimated complexometrically (Jeffery et al., 1991) . The value of percentage removal and amount adsorbed (Kannan and Rajakumar, 2003) were calculated using the following relationships:
where, C i and C e are initial and equilibrium (final) concentration of toxic metal ions (ppm), respectively and m is the mass of adsorbent, in g L -1
.
FT-IR spectra were recorded as KBr pellets utilizing a SHIMADZU FT-IR 410 spectrometer. ) observed for various surface functional groups are shown in Table 1 . The FT-IR spectra of various carbons and metal ion-loaded HBBC are almost similar with slight shift in frequencies (Sharma, 1980) . 
RESULTS AND DISCUSSION

Effect of Process parameters
The adsorption experiments were carried out at different experimental conditions (Table 2 ) and the results obtained are discussed below:
Effect of initial concentration
The results on the extent of removal of toxic metal ions under various experimental conditions are given in ) (Kannan and Rajakumar, 2003) . The effect of initial concentration is shown in Figure 1 . 
Adsorption isotherms
Adsorption data were fitted with Freundlich and Langmuir isotherms (Kannan and Rajakumar, 2003) by carrying out the correlation analysis. The results are given in Table 3 . The observed r-values close to unity indicate the applicability of these two isotherms. HBBC, as evidenced from Q o (monolayer adsorption capacity, in mg g 
2+
, Cu 2+ and Cd 2+ ions. In order to compare the validity of each model (isotherm) more efficiently a normalised standard deviation, ∆q(%) is calculated using the following equation:
where, the superscripts, exp. and cal. are the experimental and calculated values of q t viz., the amount adsorbed at different time t and n is the number of observations. The ∆q(%) values are also given in Table 3 . Based on the low values of ∆q(%), it is concluded that the adsorption of toxic metal ions can be best described by the Langmuir adsorption isotherm. The monolayer adsorption capacities (Q o ) of the adsorbents are found to be of the order given below:
Further, the essential characteristics of the Langmuir isotherm can be described by a Separation factor, R L, which is defined by the following equation:
where, C i = optimum initial concentration of Ni 
In the present study, the computed values of R L ( , Cu 2+ and Cd 2+ ions removed due to effective contact and due to the availability of active sites. The effect of contact time is shown in Figure 2 . At the initial stage, the rate of removal of toxic metal ions was higher, due to the availability of more than the required number of active sites on the surface of carbons and became slower at the later stages , Cu 2+ and Cd 2+ ions is calculated. The presence of intra-particle diffusion as the rate limiting step was tested by applying the intra-particle diffusion model. =0.806). This indicates that besides the intra-particle diffusion, there may be other processes controlling the rate of adsorption, all of which may be operating simultaneously. The results of the present study conclude that HBBC could be used as low-cost adsorbent in effluent treatment, especially for the removal of toxic metal ions.
Effect of dose of adsorbent
The % R increased with increase in dose of adsorbent owing to the increase in surface area and number of active sites for the adsorption of Ni 2+ , Cu 2+ and Cd 2+ ions or due to the conglomeration of carbons at higher doses (Periasamy and Namasivayam, 1996; Kannan and Meenakshisundaram, 2002) . The effect of dose is shown in Figure 3 .
The relative increase in the percentage removal of toxic metal ions is found to be insignificant after a dose of 20 g L -1 of HBBC, which is fixed as the optimum dose. The values of log (% R) are also found to be linearly correlated with log (dose) values. The values of log (% R) are found to be linearly correlated to log (dose) with correlation coefficients, which are almost unity ( , Cu 2+ and Cd 2+ onto HBBC
Effect of initial pH
As initial pH increases, the extent of removal (% R), increases reaches a maximum value (Kannan and Veemaraj, 2009 ). The effect of initial pH is shown in Figure 4 . The optimum pH for removal of Ni 2+ ions is fixed as 6.1 and Cu 2+ and Cd 2+ ions are fixed as 7.0. The near neutral pH is found to be favourable. The pH value slightly decreases and change in pH (∆pH = initial pH -final pH) values after adsorption are found to decrease in the order of 0.3-0.5 units (Kannan and Raja Kumar, 2003) . This suggests that during the adsorption of nickel species, protons are released from the surface functional groups like phenolic, carboxylic and enolic groups present on the carbons. , Cu 2+ and Cd 2+ onto HBBC
Effect of particle size
The amount of toxic metal ions adsorbed increases with decrease in particle size of the adsorbent (Kannan and Rajakumar, 2003 ). The effect of particle size is shown in Figure 5 . This is due to the availability of surface area with the decrease in particle size. containing waste water. The adsorption process is found to be first order with intra-particle diffusion as one of the rate determining steps. HBBC possess the maximum adsorption capacity and hence, it is an effective adsorbent for the removal of toxic metal ions like Ni
2+
, Cu 2+ and Cd
, HBBC could be considered as cost-effective adsorbent and useful for the economic treatment of waste water containing Ni
, Cu 2+ and Cd 2+ to use an agricultural material Hevea brasiliensis bark as an adsorbents
